Abstract. Genetics, and more recently genomics, has become an integral part of conservation science. From the early days of DNA fingerprinting through development of hybridisation based and polymerase chain reaction based markers, to applications of genomics, genetics has provided many insights to improve management of plants, animals and their ecosystems. I share my journey of discovery in genetics and genomics, and their application in conservation of plants through understanding evolutionary history, population genetics of rare and threatened species, molecular taxonomy, fragmentation and the role of pollen dispersal, restoration in a risk management context, and adaptation to climate change.
Introduction
You may have seen a television program that aired in mid-2017 called Code of a Killer (I recommend watching it if you didn't). It told the story of Sir Alec Jeffreys, the brilliant British scientist who identified minisatellites that became the basis of DNA fingerprinting and revolutionised forensics. In a nutshell, the story goes like this. Alec Jeffreys was a scientist at the University of Leicester and was researching mammalian and human genetics when, in 1984, he found a core sequence in tandem repeated DNA in the human myoglobin gene that could be used to assay a large number of loci that demonstrated the relationships between individuals (Jeffreys et al. 1985a (Jeffreys et al. , 1985b . He was contacted to determine the identity of a young boy in an immigrant debate, and showed that the boy was indeed the son of the purported mother and he was allowed to stay in the United Kingdom. At the same time, the police in Leicester were investigating the 1983 murder of a teenage girl with few clues, and the senior officer heard about Jeffreys' work in the immigration case and sought him out to see whether he could assist with screening all the men in the district to identify the murderer. In short, the police set up an extensive screening program and were able to identify the man who had committed that murder, as well as that of another young girl during the time of the investigation in 1986. This unlikely teaming up of the scientist and the police officer established DNA fingerprinting as a tool that revolutionised forensics, individual identification and paternity analysis, and has been celebrated as a paradigm shift in evolutionary and ecological genetics (Chambers et al. 2014) .
So what has this to do with me and with conservation? In 1986, I undertook Honours at The University of Western Australia and my supervisor, Associate Professor Sid James, showed me the two papers of Alec Jeffreys (Jeffreys et al. 1985a (Jeffreys et al. , 1985b ) describing minisatellites and their application in identification, and quite simply said 'I want to do this in plants'. So, rather naively, we set out to develop molecular DNA techniques with the aid of the book 'Molecular cloning: a laboratory manual' by Maniatis et al. (1982) that was a mainstay of molecular biology at the time because of its comprehensive description of the emerging application of gene cloning technologies. When I think now of that approach I would not have allowed a student to take on a project like that considering it too risky, but it was a time of major technical developments in molecular biology and we were not so concerned with measurable outputs (papers), but rather advancing capability. So I set about learning molecular techniques according to Maniatis, and I wrote to Alec Jeffreys who very kindly provided an aliquot of the probes for the minisatellites, because this used restriction fragment-length polymorphism (RFLP) technology at that time. My supervisor, Sid James, would only allow me to test the probes on his own family, so we assayed DNA samples from Sid and Marie, his wife, and his four children, Phillip, Stephen, Denise and Marcelle, and thankfully showed that they were all related as parents and children as expected. Obviously, this in itself was not ground-breaking, but it enabled me to show that we had established the methodology (DNA extraction, restriction enzyme digestion, gel electrophoresis, Southern blotting, radioactive labelling of the probes, probe hybridisation, autoradiography) and had it working as it should, which was no mean feat at that time, before the internet and Google. Feeling encouraged, I went on to do a PhD with Sid and, with some assistance from the Biochemistry Department, developed genomic libraries to identify probes and undertake a molecular genetic diversity study of the granite rock dwelling plant, Isotoma petraea, Sid's favourite plant in which he discovered complex hybridity and that he had worked on for so many years, and Macrozamia reidlei, an ancient cycad (Byrne et al. 1997c ).
I remain deeply indebted to Sid for his belief in me, sharing his intrepid pursuit of ideas, challenging me to think 'outside the box', exposing me to research as a partnership, and for his and Marie's friendship. I couldn't have asked for a better supervisor, or a better introduction to research. As Tony Brown, an eminent geneticist at CSIRO, once said to me 'You've come from an excellent stable and you've been taught to think'.
Revolutions in technology
The laboratory scenes in the television series, Code of a Killer, had been accurately recreated for the time, and the sight of the Hybaid oven, the autoradiographs, light boxes, radiation signs all took me back to the time when I did this RFLP work, and painstakingly inserted Southern blots into the glass tubes and added just the right amount of radioactively labelled solution and sealed the tubes to ensure they didn't dry out as they rotated around the oven for 24 h (I later made improvements by putting them in a box and mixing on a rotator). It made me think of how far we have come in the journey of molecular developments in conservation genetics as we now readily produce complete genome sequences or generate tens of thousands of single nucleotide polymorphism (SNP) loci, something inconceivable 30 years ago. Prior to RFLPs, isozymes had been the workhorse for genetics (Tanksley and Orton 1983) and had shown how genetic analysis could provide great insights into the diversity and mating systems of plants and animals. The advent of RFLPs took us beyond the limited number of isozyme loci and opened up the potential for larger numbers of loci in the nuclear, chloroplast and mitochondrial genomes. As I finished my PhD, the next revolution was occurring with the first papers describing application of polymerase chain reaction (PCR; Erlich et al. 1991) in random amplification of polymorphic DNA (RAPD; Williams et al. 1990; Hadrys et al. 1992) . While RAPDs were dominant markers (i.e. the locus band was either absent or present and the heterozygote could not be discriminated from the dominant homozygote), which reduced their effectiveness in comparison to co-dominant markers, such as isozymes and RFLPs, the method produced many more loci and could be used on any species without development of specific probes. It didn't take long for the next advance to occur and amplified fragment length polymorphism (AFLP; Vos et al. 1995) became a favoured tool because it combined the reliability of the RFLP technique with the power of the PCR technique. While AFLP was also a dominant marker, it was more reliable than RAPDs and could be applied to any species, although species with large genomes, such as pines, required longer primers to provide greater stringency and reduce the number of bands produced. Interestingly, AFLPs didn't get taken up by animal geneticists as readily as they did by plant geneticists, possibly because animal geneticist had access to mitochondrial sequencing that provided a means of assaying variation (Moritz and Brown 1986) . About the time that the applications of AFLPs became recognised, microsatellites came on the scene. While others took up AFLPs, because they required no up front development in different species, I went straight onto developing and using microsatellites, developing the first microsatellites in an Australian plant, Eucalyptus nitens (Byrne et al. 1996) . Although microsatellites required development of primers for particular species, or close congeners, they were codominant and so provided the analytical power that was missing with RAPDs and AFLPs. This was where the skills learned in making genomic libraries to develop RFLP probes came to the fore again, in constructing genomic libraries to develop microsatellite primers (these were the early days well before the times when you simply sent DNA to a commercial company to develop primers through 454 sequencing!). I was lucky during these times to be working at CSIRO Forestry and Forest Products in Canberra, in a team led by Gavin Moran, pursuing innovative avenues for application of molecular techniques to genetic mapping in forest trees, in my case, eucalypts (Byrne et al. 1995) . As is often the case, advances in technologies are made in agricultural or forestry environments where commercial drivers are present, and at that time marker assisted selection was a very strong driver for development of molecular methods allowing discrimination and tracking of individuals (Byrne et al. 1997a (Byrne et al. , 1997b . Of course, the power and applicability of microsatellites also unearthed many secrets as the use of molecular techniques throughout the world showed major errors in breeding programs and plant production programs. Microsatellites became the standard marker for molecular ecology for many years and enabled studies on population structure and diversity, mating system and paternity analysis, clonality, hybridisation, and molecular taxonomy at the species-population interface.
More recently, the genomics revolution has enabled us to readily sequence complete genomes. While iconic species, such as the tammar wallaby (Renfree et al. 2011) and Eucalyptus (Myburg et al. 2014) , were the focus of early painstakingly slow genome construction projects using Sanger sequencing, genomes can now be sequenced for any species at will. Next year will be the 20th anniversary of the initiation of the International Eucalypt Genome Consortium, where we agreed to progress construction of the eucalypt genome and, subsequently, obtained a grant of US$10 million (a large sum in those days) from the Joint Genome Initiative of the US Department of Energy. Once again, the development of methodologies, such as DArTseq (Sansaloni et al. 2011) , ddRAD (Peterson et al. 2012) and Genotyping by Sequencing (Elshire et al. 2011 ), occurred in model organisms or agricultural and production systems, but with the prevalence of far superior means of communication, they were much more readily taken up in the conservation arena. Of course, as wet laboratory methods develop, there is a corresponding need for analytical tools and pipelines for handling the very large amounts of data generated by these genomic projects.
Genomics is providing greater power to undertake what have become 'classical' avenues of investigation in conservation genetics, such as population diversity, structure, inbreeding and hybridisation, but is also providing us with the capacity to investigate areas that we couldn't explore with previous markers, such as local adaptation, inbreeding depression and outbreeding depression (Allendorf et al. 2010) . We are still only at the beginning of understanding how molecular variation intersects with environmental conditions, conferring capacity for persistence and adaptation to environmental conditions (Hoffmann et al. 2015) . Genomic developments have also spawned the assays of micro amounts of DNA in pooled environmental samples, such as soil (Bissett et al. 2016) , and environmental DNA (eDNA) methods are becoming integral in a wide range of areas, including conservation (Thomsen and Willerslev 2015) , biosecurity and forensics, as well as in monitoring and tracking cryptic species. Most recently, new advances in CRISPR-Cas9 gene editing technologies have provided the promise of new approaches to control invasive pests that are a fundamental threat to Australian mammals (Moro et al. 2018) .
Conservation genetics and genomics
Genetics and genomics have become essential aspects of conservation science as we seek to conserve and manage the three components of biodiversity: ecosystems, species and genes. Genetic studies on their own can provide information to inform conservation management of species; however, I have found that the greatest gains arise when genetics is combined with other disciplines in interdisciplinary studies. In my experience, single studies may influence a particular action, but it is the synthesis of a range of information that is most informative for decision making and setting policy (Lynch et al. 2015) . Over the years I have combined work on evolutionary history, population genetics of rare and threatened species, molecular taxonomy, fragmentation and the role of pollen dispersal, restoration in a risk management context and adaptation to climate change to provide a comprehensive conceptual basis for understanding the conservation and management of Australian plants. There is too much to fully elaborate on here, but I would like to mention what I consider to be some highlights.
My early foray into conservation genetics was focussed on understanding population diversity and structure in eucalypts (Byrne et al. 1998) , and in particular using cpDNA to look at phylogeographic patterns to infer evolutionary history (Byrne and Moran 1994) . Looking back into evolutionary history captured my interest and I have continued to work on this throughout my career. Together with colleagues and students, I gained new insights and have driven a paradigm shift in concepts about evolutionary history and refugia, in particular showing that plants in south-western Australia have responded to historical climate change through persistence in localised refugia (Byrne and Macdonald 2000; Byrne et al. 2002 Byrne et al. , 2003 Byrne and Hines 2004; Wheeler and Byrne 2006; Byrne 2007 Byrne , 2008 Byrne and Hopper 2008; Keppel et al. 2012; Tapper et al. 2014a Tapper et al. , 2014b , and not through broad-scale contraction and expansion as has been the classical paradigm based on temperate northern hemisphere responses (Hewitt 2004) . I was particularly thrilled to lead an Environmental Futures Network project that brought together a range of colleagues and produced interdisciplinary syntheses of the evolutionary history of the three Australian biomes, showing the complexity of the evolutionary history of the Australian biota (Byrne et al. 2008b (Byrne et al. , 2011a Bowman et al. 2010) .
A key feature of work on rare and threatened plants has been demonstrating that many restricted species are not genetically depauperate, as predicted from classical genetic theory, and have adaptations to persist in small populations (Millar et al. 2010 Clarke et al. 2012; Coates et al. 2015) . This has important implications for the way we manage our rare species, demonstrating that all populations are important, no matter how small, and follows on from my PhD supervisor's insights into the complexity of a flora adapted to persistence in an ancient landscape (James 2000) . Use of molecular markers enabled me to investigate other features of plant populations, particularly clonality that informs more accurate census sizes in small populations (Millar et al. 2010; Binks et al. 2015a) , and hybridisation to resolve conservation status of putative hybrid species (Walker et al. 2009 (Walker et al. , 2018 . Working with taxonomists to bring molecular tools to bear on resolution of species complexes has been enlightening, and together we have resolved entities in Eucalyptus, Melaleuca, Acacia, Atriplex and Pityrodia (Byrne 1999 (Byrne , 2004 Broadhurst et al. 2004; Millar et al. 2011; Shepherd et al. 2013 Shepherd et al. , 2015 Binks et al. 2015b) .
Another highlight has been using paternity analysis to understand mating patterns and demonstrate the role of extensive pollen dispersal, even in fragmented landscapes (Byrne et al. , 2008a Millar et al. 2008 Millar et al. , 2012 Millar et al. , 2014 Sampson and Byrne 2008; Llorens et al. 2012; Sampson et al. 2014) where extensive pollen dispersal was not anticipated on the basis of classical expectations of leptokurtic dispersal curves. Much of this work on pollen dispersal and mating systems has been conducted in conjunction with ecological studies, thus providing a more integrated understanding of population processes that inform effective restoration of fragmented landscapes. In the context of revegetation, it enabled a more integrated approach to managing environmental risk by incorporating the potential for genetic risk from planting non-local vegetation (Byrne et al. , 2011b Byrne and Stone 2011) .
The prospect of being able to understand climate change adaptation was a driver for delving into genomics. Funding from the National Climate Change Adaptation Facility enabled me to team up with like-minded colleagues to undertake the first investigation of signatures of adaptive variation in Australian plants, in conjunction with variation in ecophysiological traits (Steane et al. , 2017a (Steane et al. , 2017b McLean et al. 2014) , and use this information to develop adaptation strategies for restoration practice . I have followed on with this approach to determine adaptation along riparian systems to inform revegetation and, in a key forest tree, to inform forest management. Our investigation of genomics in Eucalyptus salubris, a widespread species through the Great Western Woodlands, showed an unexpected separation of two cryptic lineages that were differentiated on both genetic and specific leaf area traits , and we're now using genomics in molecular taxonomy at the species-population interface with work on species in Seringia.
The personal journey
For me, it has been a fantastic journey of discovery and development of innovations, as I have travelled from the early days of DNA markers to the current applications of genomics. I have been fortunate, indeed, to be part of development of plant conservation genetics in Australia and worldwide. I was always interested in science and got hooked on genetics in secondary school; I think it was the neatness and simplicity of Mendelian genetics and Punnett squares that captivated me. Later on, I remember the fascination of looking at the inheritance of microsatellite and RFLP bands in a three generation pedigree of Eucalyptus nitens and seeing the segregation of alleles across 118 second generation progeny (Fig. 1) . My initial plans (as far as I had any) were to enter academia; after all, that was really the only world I knew at that stage, and as I had initially thought I would follow in my parents' footsteps and be a secondary teacher before being drawn into research, it seemed a natural progression to be a university academic. However, fate (or whatever) intervened and, at the end of my PhD, I was offered a position at CSIRO in Canberra with Gavin Moran. I had just had my second child (born the day my PhD was submitted), but we packed up and moved, and I became fully exposed to the world of applied science, and that opportunity to make a difference empowered me. Gavin was a population geneticist, so he encouraged me to work with him in population genetics, in addition to the explicit application in forestry breeding programs that was my core work, and so my interest in conservation was borne. Five years later, this unusual coupling of interests made me the most suitable applicant for a job at the Department of Conservation and Land Management in Perth, where the position was required to provide genetic expertise for forest management and development of species for agroforestry, as well as plant conservation programs with David Coates who was then using isozymes. This was the start of an exciting journey in conservation genetics, with my first task being to establish a molecular genetics laboratory in the State conservation agency. It was daunting; even though application of molecular techniques was becoming routine in agriculture and forestry, it was still in its infancy in conservation in Australia, and we had lots of false starts and learning from mistakes. However, the opportunities were endless and it was at a time when funding was adequate for the task.
As I grew in my knowledge and understanding of conservation and how science supports management, I was provided with many opportunities to broaden my horizons and move into the conservation policy and strategy. Management was not something I had given much thought until, in 2000, I was asked to act in the position of Director of Science for 3 months, and found I liked the new challenge of providing direction to a great team of scientists. Over the next 10 years, I sought out opportunities to further my knowledge and understanding, and gain experience in the policy and management world. This opportunity to combine policy and science is incredibly rewarding and, over the past 7 years, I have had the privilege of leading a conservation science team providing excellent science to support conservation and ecosystem management (Fig. 2) . There have been challenges through those years with departmental changes and the amalgamation of science and conservation. Although I thought I had a good understanding of conservation and management, being a scientist embedded in a conservation agency, taking over responsibility for the conservation program of the department opened my eyes to the complexity of the policymanagement interface, and I came to see the role of science in a new light. This came into sharp focus for me in November 2015 when extensive lightning-sparked fires on the southern coast destroyed 90% of the habitat of our most threatened bird, the western ground parrot, and the most threatened mammal, Gilbert's potoroo. We held a workshop to garner input from a range of experts, and, as a scientist, it was clear to me that a range 1 3 2 4 5 6 7 8 9 1 0 1 11 2 1 3 1 4 Fig. 1 . Inheritance of alleles through three generations of Eucalyptus nitens for microsatellite locus En6. Lanes 1 and 2, female grandparents; Lanes 3 and 4, male grandparents; Lane 5, female parent; Lane 6, male parent; Lanes 7-14, sample of eight progeny from 118 progeny in the family. Taken from Byrne et al. (1996) . of actions was needed; however, as a manager, with responsibility for 625 threatened plants and animals and limited resources, the decisions weighed on my mind. More recently, the amalgamation of science teams from a conservation agency and three conservation orientated natural attractions is providing new challenges and opportunities to make a difference in applied science to support conservation. Life is never dull! I have been privileged to have the support of three great Director Generals who have supported me throughout my leadership journey; they all have different styles of leadership and I have learnt different aspects from each of them. And, along the journey, I have also had the fantastic support of my Assistant Directors, Dr Fran Stanley who also has a PhD but went directly into the management sphere, and Dr Stephen van Leeuwen, a Noongar man who has shown the way for Indigenous engagement in science.
Learnings along the way
In 2014 and 2015, I was invited to give presentations at women in leadership conferences and have reflected on the key features of my journey and what advice I would give to young women coming through the system. I offer some thoughts here on the basis of my own experience.
The token woman
In my early days in the State conservation agency, as the most senior woman in the Science Division and one of the most senior women in the department, I was frequently 'invited' to serve on selection panels and other fora because they needed a woman. I was sometimes asked why I agreed to so many of these requests to be what some considered to be a 'token woman'; however, I found that they were fantastic opportunities to get to know staff in the department that I wouldn't normally associate with, and also to get to know the work of a large and complex department. My message is: don't take offence, use these situations as opportunities and make the most of them, as you never know what they will lead to. In 2000, I came to the attention of the then new Director General through being on a selection panel with him, and, a few months later, he provided me with the opportunity to act as Director, even though there were three senior managers who would have expected to be given that opportunity. If I hadn't been on that selection panel, I may not have made the transition into management and leadership.
Role models I can't say I had any prominent female role models, and, for all of my career, I have been in male dominated work environments. Although there were senior females in CSIRO, such as Liz Dennis and Adrienne Clark, I didn't know them myself; nonetheless, I knew that doing what you wanted was possible, and it didn't really occur to me that I couldn't build a career in science. I do very much acknowledge the male colleagues who saw skills in me that I hadn't necessarily seen myself and provided opportunities to explore those skills, such as a Wally Cox, the Director General who gave me the opportunity to act as Director, even though I was only a mid-career officer; Glen Kile, Chief of CSIRO Forestry and Forest Products, who gave me an early opportunity to contribute to organisational change when he asked me to be a staff representative in the change process for amalgamation of two CSIRO divisions; Neil Burrows, Director of Science who provided me the opportunities to develop leadership skills and 'sponsored' me through the process; Bob Hill, Dean of Science at University of Adelaide, who invited me to work with the ARC funded Environmental Futures Network that opened up opportunities for national collaboration; John McGrath who gave me my first opportunity to manage a group of staff, even though I was located in another building and knew little of the practicalities of forest management; and, more recently, Jim Sharp, the Director General who gave me the opportunity to broaden my horizons into policy and take responsibility for delivery of conservation in the department.
Carpe diem
To be successful at anything requires motivation and resilience. It doesn't mean that there won't be difficulties, because there will be difficult times, and times when you need to pick yourself up and keep going regardless. I have had many challenges and times when I have felt completely deflated, but I have kept my eye on the goal and just kept at it or found ways around the problem. In most cases, the ones that stand out are not the technical challenges, which usually just require a logical evidence based approach, but rather the people challenges because none of us work in isolation; more and more we work in teams and collaborations, and these require a special set of so called 'softer skills' that we as women are endowed with. Use your intuition, people skills and capacity to build rapport to build and engage in fantastic teams and you will reap the benefits. I have had the privilege of working with so many great colleagues over the years, and still have a great team of young, enthusiastic plant and animal genetics staff that achieve so much more together than we could ever do separately. Although there is a very strong streak of competitiveness in science, as we compete for things like funds, positions and ideas, collaborative approaches allow everyone to gain and, collectively, we deliver better outcomes. In my experience, there are two key elements that make successful collaborations: enthusiastic engagement and mutual respect for everyone's contributions.
Self-doubt
We all have it (at least as women we do), but it does not need to be a limiting factor; it can be empowering, because it keeps you grounded and realistic. When I was first asked to act as Director in 2000, and, again in 2013 when I was asked to take on the responsibility for conservation as well as science, I did what most women do, sold myself short and expressed all my perceived limitations. However, I then pulled myself up, agreed to take it on and give it my best shot, and I found it was nowhere near as daunting as I had thought.
Change
As they say, change is the new constant. We will always be in situations of change, whether that is in developing new methodologies or concepts, or in organisational change, and my recommendation is to embrace it. There are three particular aspects of change management that I have taken from leadership courses and that I have found particularly useful in effectively navigating these, often stressful, situations. The phrase 'change is threatening when done to us but exciting when done by us' sums up a critical component of change in terms of engagement; in change situations, get involved, as it's only when we participate and engage that we can influence the future. The phrase 'honour the past and embrace the future' resonates with me because it acknowledges that we don't need to leave the past behind, but rather, we carry it forward with us as we build the new future. The third strategy is the 'four doors' concept. In any change situation, there are four doors. One represents what we couldn't do before and we still can't, another represents what we could do before and still can; both of these present little change but are often overlooked and not acknowledged. Then there are the other two doors, one representing the things we could do before but can't now and these are the things we need to let go of, and the fourth door represents the things we couldn't do before and now can; these are the things to embrace. Whether you are leading or responding to change, operating from these positions will make you a change agent and a valued member of the team.
Eyes on the goal
Stay focused on what you are seeking to achieve in the context of self-awareness. There will be challenges wherever you are and whatever you do, and your response often depends on your level of self-awareness and emotional intelligence. In general, the days of overt discrimination are gone and I can thankfully say that I have experienced direct discrimination on only two occasions. But, as a competent woman in a male dominated environment, I have seen and personally experienced the double standards, bullying and power games that you read about in any 'women in management' book, and I know how challenging it is to stay collegiate and focused on outcomes when faced with this divisive behaviour. I realise that there is still much unconscious bias in our scientific workplaces at all levels, and we will only move beyond it by understanding it together. Mark Lonsdale, when Chief of CSIRO Ecosystem Science a few years ago, ran some unconscious bias workshops, and I was privileged to have some discussions with several of my long-standing male colleagues in CSIRO following those workshops when they graciously shared a new appreciation of their own unconscious biases and challenged me on mine. My message is to stay focused on the outcome you're seeking. I've learnt that it is OK to internally hold our often negative and justifiable response to a situation for a short while (suppressing it is not healthy) and use it to build our own self-awareness, but then to gently let it go and keep working towards the outcome we want.
Concluding remarks
I've had a great career where I have enjoyed going to work every day. I've learnt heaps, explored lots, been puzzled much, met great people, had a multitude of opportunities, contributed to key initiatives and been well challenged. A younger female colleague recently said that I make it seem easy. It has not been easy, but it has been very rewarding and hugely satisfying. I hope young women today starting careers in conservation science will persist through the crunch points where women drop out of the system, and find a satisfying career where they too can make a difference.
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